D. RUSSELL DAVIS
The Medical Research Council Unit of Applied Psychology, Cambridge (RECEIVED 12TH JUNE, 1946) THE changes in behaviour and feeling which were observed in experiments with the Cambridge Cockpit have been described in a previous paper (Davis, 1946) . As had been expected, the effects seen in these experiments appeared essentially similar to those observed in aircrew subjected to the stress of operational flying. The first phase of the effects (namely, preoccupation, excessive activity of a restless and agitated kind, excitement, and irritability), resembled the acute anxiety reactions of aircrew. The second phase was characterized by inadequacy of activity, apathy, and discouragement. The first phase resembled the excitatory type, and the second the inhibitory type of reaction, as described in studies of experimental neurosis in laboratory animals, for example by Anderson and Parmenter-(1941) . The picture in the second phase was less uniform than that of the first, and the clinical counterpart less certain, particularly since diagnostic criteria vary considerably. In some subjects there was a state resembling " hysteria ", in others "fatigue syndrome ", "depression ", or "anxiety ".
In the present paper certain observations will first be described to show why some of the test behaviour was regarded as essentially similar to the neurotic reactions of aircrew. The opportunity to prove this hypothesis was provided by the socalled " Harrogate " experiment, in which a large number of fit aircrew were examined both in the cockpit and also by one of two R.A.F. psychiatrists. If the disorganization dbserved in the tests was similar to that occurring in neurotic reactions to stress, it would be expected that the degree and type of disorganization would depend upon the grade and type of neurotic predisposition as assessed at interview. Furthermore, if those predisposed to neurosis tended to show a characteristic disorganization in the test, then pilots suffering from overt neurotic symptoms would also show corresponding test behaviour. It will be shown that this was in fact the case. In the previous paper it was suggested that the objective signs of the " overactivity" reaction resulted from persistence in trying to attain a high standard of performance and failure to do so.
On the other hand the " withdrawal " reaction represented a lowering of the standard to a level within the pilot's powers. These interpretations are confirmed by the findings to be described below. Thus the " overactivity " reaction was shown especially by those of obsessional disposition, whereas those of hysterical disposition tended to show the " withdrawal " reaction.
The experiments were also part of a plan to discover under what environmental conditions these kinds of disorganization occur. Such conditions may be contemporaneous or antecedent. It is rarely possible to predict variations of behaviour exactly from knowledge of contemporaneous variations of the environment, since the response of an organism to environmental variations is partially determined by past experience which has not been observed or in any way controlled. It is, therefore, necessary to introduce theoretical constructs such as " sets ", " attitudes ", " behaviour tendencies ", " neurotic predisposition ", and the like, and to relate observed variations in behaviour to these intervening variables. Although it may not be known exactly how these variables are determined by antecedent variations of the environment, and although factors of inheritance nmlay also be involved, there are practical advantages in relating the disorganization to an intervening variable such as neurotic predisposition, because neurotic predisposition may be independently assessed. Moreover, The results .obtained from the two psychiatrists appeared to be sufficiently alike for the present purpose, and the data have been combined. Only four subjects were assessed as " severe ", and they have been combined with those assessed as " moderate ". The patients were attending one of several psychiatrists, and for the present purpose the diagnosis accepted at the time ofthe test has been regarded as the correct one.
Test Classification
The subjects were classified on the basis of their test scores according to the predominant features of the disorganization. of activity. The method was described in the previous paper. Those whose performance was relatively well maintained at the end of a forty-six-minute test were pladed in the" normal" class. Those whose activity was high-as measured by their " movements " scores-relative to the length of time for which errors were allowed to persist-as measured by scores of "total duration of errors "-were placed in the " overactivity " class. Those whose errors were persistent, relative to their activity, were placed in the " withdrawal " class. Subsidiary modes of classification were also adopted and will be referred to below as occasion requires. This incident in the test situation was regarded as being similar to that which occurred on his last operational flight.
Eye symptoms of a neurotic kind were relatively frequent developments in the test, being reported by 6 of the group of fit pilots. Tests of fit pilots had to be interrupted twice because of giddiness and because subjects thought that they might vomit. Bilateral ankle clonus persisted for about twenty minutes in another fit pilot. Among the patients exacerbation of existing hysterical symptoms and the appearance ofnew symptoms were both common.
Test Class and Predisposition.-The following Tables show that experimental subjects, whether fit pilots or patients, were distributod among the various test classes in a way consistent with the hypotheses set out at the beginning of the article. Conventional statistical methods were applied, and by " significant " is meant that a similar result would occur by chance less often than once in twenty times.
There was a significant association of grade of predisposition and test class, whether normal or abnormal (Table I) . It may also be demonstrated from the data in this table that in the case of the " overactivity " class the association extended over the whole range of assessments. In the case of the D. RUSSELL DAVIS " nil " assessments was similar to that of the "normal " class, although there was also a preponderance of " moderate " assessments. Pilots suffering from neurotic symptoms fell significantly less often into the " normal" test class than did the fit pilots (Table II) . Those fit pilots rated as " obsessional" who fell into the abnormal test classes showed a significant tendency to fall into the " overactivity " rather than the " withdrawal " class. This tendency was particularly marked in the case of subjects who were also assessed as slight or moderate. When the "obsessional " item was combined with the item " anxiety: morbid fears ", a particularly high proportion fell into the abnormal test classes. These findings are shown in Table III. The obsessional and the overactivity class-fit pilots.
If the obsessional trait was a single positive finding, and the predisposition was assessed as nil (" nil, obsessional " class), the test behaviour was favourable, in that no subject was graded in the abnormal -test classes. The test behaviour was unfavourable, however, inasmuch as very few such subjects did especially well in the test. Thus the "normal" class was subdivided into " plus ", " average ", and " minus " on the basis of the main and subsidiary scores; only a small proportion of the " nil, obsessional " were in the " plus " class in comparison with those with no item present (" nil " class). The proportion in the " plus " class of those with a single item-other than " obsessional" present (" nil, one item " class) was intermediate. These findings are shown in Table IV . Further test features of the obsessional-fit pilots.
The " obsessional " displayed other test features of interest. Thus their performance was significantly more often rated as " erratic " than that of those not classed as " obsessional " (Table V) . The rating of "erratic " was presumed to indicate irregular distribution of attention over the various aspects of of 8 such patients were in the "withdrawal" class. Moreover, the majority of the patients in the abnormal classes fell into the " withdrawal " class, in contrast to the findings in the group of fit pilots (Table II) , as might be expected if the " withdrawal " reaction represented a later stage of development than the " overactivity" reaction, as was shown in the previous paper (Davis, 1946) .
Patients in the " withdrawal " class had a significantly less satisfactory history in respect of operational flying than those in the " overactivity " class. Only 4 of the "withdrawal" class had made operational flights, the other 11 having developed symptoms-before reaching an operational squadron. In contrast, 10 of the 11 patients in the " overactivity" class, and 7 out of the 13 patients in the "4 normal " class, had carried out flying operations before breaking down.
A further point of interest is shown in Table IV . Compared with the " nil, obsessional " and " nil, one item" subjects (0 per cent.), a relatively high proportion of the " nil, -" subjects (19 per cent.) fell into the abnormal classes. There was not sufficient evidence on which to interpret this finding, but it may be noted that a slightly larger number of the " nil -" subjects were in the " withdrawal " class than in the " overactivity " class, this being the reverse of the normal ratio in fit subjects. Furthermore, the discrepancy was more marked in officers than in sergeant pilots. Two hypotheses would fit these findings. Firstly, the possession of one, defect, or one item of predisposition, if it was not sufficient to amount to a degree of predisposition, had a favourable effect in determining success in the test-for example, by securing good motivation. Secondly, some of the " nil -" subjects were poor material, but the psychiatrist failed to obtain a true and detailed account of their history; this failure was more likely to occur in the case of individuals who tended to evasion (withdrawal) rather than in those who tended toward anxiety under stress. Evidence obtained in the " follow-up " of these pilots seemed to support the latter hypothesis.
Discussion
These results justify the conclusion that the degree and type of the disorganization observed in the test depended upon the grade and type of the neurotic predisposition. This conclusion supports, although it does not compel, the hypothesis that the disorganization of activity observed in the test was of the same kind as that occurring in the neurotic reactions of aircrew to stress. Similarly, the results confirm the suggestions made in the previous paper that the " overactivity " reaction represented persistence against the difficulties of the test, and that the second reaction was appropriately named " withdrawal ".
As has been said, the effects observed in the cockpit tests resembled the disorders shown by aircrew. Especially good examples of this resemblance were found in a group of pilots who had received from a R.A.F. psychiatrist the diagnosis of " fatigue syndrome". This group was a highly-selected one, composed-of 12 pilots who, during a second operational tour, were dissatisfied with their health although they did not show definite neurotic symptoms. At an interview with the author the majority said that some " stickiness " of attention became a source of difficulty when landing or flying on instruments. By this they meant that they tended to be preoccupied by a single aspect of their task. Restlessness, impatience, and irritability were also characteristic complaints, which had a counterpart in the "overactivity" reaction. High standards of efficiency were often held to in spite of disabilities which made them more difficult to attain, and several of the group had " obsessional" habits. The tendencies of which they complained were subsequently observed in tests in the cockpit.
The strong supposition that the disorganization of activity observed in the cockpit tests was essentially a neurotic disturbance, closely related to the acute neurotic reactions of aircrew, has a consequence of some importance. A fair amount of research, mainly with laboratory animals, has been carried out in recent years on the so-called experimental neuroses. The results of this research have not generally been regarded by psychiatrists as of great significance, because it was doubtful whether the experimental disorders were the same as those encountered in human neurosis. A similar objection in the case of the effects observed in the cockpit has been met by the arguments developed in this paper. It appears reasonable to maintain that neurosis has been produced experimentally in human subjects in a form in which it can readily be studied by further experiment. It thus becomes possible to apply and test the hypotheses developed in research in the experimental neuroses in much closer relation to human disorders.
Although it has often been shown (e.g. Hunt, 1944 ) that subjects of neurotic disposition do badly on many kinds of psychological test, results as clear-cut and detailed as those presented above have not been reported. Moreover, the main results were obtained from subjects who, although predisposed, were without symptoms and who, being pilots, were highly selected in respect of many favourable qualities. In the " obsessional " group the findings were particularly definite, although their test performance could not be described simply as good or bad. In the experiments of Culpin and Smith (1930) , however, the " obsessional " were distinguished by their superior performance on the dotting test, but a performance of a different kind was measured and the " obsessional " trait was defined differently. It should be noted that, in the " Harrogate " experiment, the rating " obsessional" indicated only a slight deviation from normality.
These results also suggest that the Cambridge Cockpit test might be employed successfully to predict the reaction of individuals to flying stress, and an object of the " Harrogate" experiment was to assess its usefulness in this respect. Unfortunately, insufficient " follow-up " data were obtained to reach a definite -conclusion, although those which were obtained were most encouraging. Nevertheless the test has serious disadvantages as a selection method, since it is lengthy and can be applied only to those who have had some experience of flying. The apparatus is elaborate and requires expert maintenance. It is hoped,. however, that the essential features of the cockpit test may be incorporated in new tests of a more suitable kind.
Summary
It is contended that the disorganization of activity observed in the Cockpit test is essentially similar to that occurring in the neurotic reactions of aircrew to stress. In tests, the " overactivity " reaction resembled the acute anxiety reactions of aircrew, and the " withdrawal " reaction-resembled various neurotic reactions, of which some have been labelled 4 hysteria ". It has been shown that in some cases the effects observed in the test were part of a more general reaction comprising frankly neurotic features. In some cases the test reaction recapitulated a previous neurotic illness. It has also been shown that the degree and type of the disorganization observed in the test depended upon the grade and type of the neurotic predisposition as assessed at an independent psychiatric interview. The test behaviour of experimental subjects, whether fit pilots or pilots suffering from overt neurotic symptoms, tended to be of the kind expected. Thus the test rL DA VIS behaviour was abnormal in two-thiids ofthe patients, but only in -one-quarter ofthe fit pilots. The " overactivity " reaction was shown especially by those assessed as obsessional at interview, whereas the " withdrawal" reaction tended to be shown by those of hysterical disposition.
